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Expos, re of alkali.halide crystal sw'face$ and alkali-metal s_:rf=ces to ni:reg",.n• arm _r_n..-conm:ring IPt_ is !ou_.d to g_e2tJy

enhance electron- and photon-stimulated deSorlXion (ESD. PSD) oLexcited CN. The ol_¢rvalions that the deuxrptioa yield off C_"

grows as a function of surface exposure tO CO= at_ N= gases provide strong tretif,._ttkite the origin off the deloflbed Clq tad the
desorption pro¢_ itself- In addition, the dam unambiguously show that pat-irradiation off the alkali-halide surfitoc by electroes or
photons is required for this dmm.4:lel3tndent enhancement to occur. The rate of the pooh is found to be am,related to Lhe alkali
component of the alkali-halide substrate. On the haste of this ,a.orlt we present a new model to explain elect_ronic desorption of
excited nmlecutes from alkali-halide surfaces. The rno4_.el involves three processor (I) pre-trracltatioe produe_ alkali rneta!-ric5
surfaces via defet't-m_diated procesr_. {2) when the surface ts exposed to CO, and Nz, luf(ace reactions generate _ molecules

t_onded to the alkali-rich surface, and (3) eleftron ©r pflotcn tx)m_ardment Lnduccs the de_otptiott of e.t¢ited CN m_ectdes from
tl-,e surface by direct bo_ndhreaking.

1. Introduction

Bombardment of alkali-b, alide surfaces with

electrons and with UV synchrotron radiation pro-

duces optical emissions which arise from: (a) des-
orbed excited molecules and atoms, (b) excited

bulk-impurities, and/or (c) defect recombination
in the bulk material (bulk luminescence). Meas-

urements of these spectra permit one to deter-
mine final states Of excited neutral de$orbates, to

interrelate surface and bulk dynamical processes,
and thus to elucidate mechanisms responsible for

ad_tion and desorption phenomena Ill

' Pre_ent-address: Oak Ridge National Laboratory, MS-el,t2,
P.O. Box 2908 Oak Rid|e. TN 37831-6142, USA.

Atomic or molecular adsorbates on surfaces

may originate either by the migration of atoms,
molecules, or defects from inside the bulk to the
surface or by the adsorption of atoms or molecules
from external sources. We utilize the techniques

of electron- and photon-stimulated desorption to
help distinquish between these two sources of
adsorbates. For exa._plc, photon-stimulated des-. _ . .

orpt_on of H _j from alkah fluondes bas been
found to be dependent on photon-activated mi.

station of an intrinsic hydrogen impurity to the
surface [2]. For the case of ESD and PSD of l.,i
from LiF surfaces, F-center diffusion was identi-
fied as the means bY which neutral lithium is

supplied to the surface [3]. In contrast, some
desorption experiments require that the surface
be exposed to gaseous molecules, e.g., NO [4-7],



CO [8], OH [9] and N= [I0] desorpfion from metal
surfaces. We note also that ESD and PSD studies

are facilitated by knowledge of surface parent
molecules.

In a previouspaper,we reportedfirstmeas-
urementsof electron-stimLdated desorption of ex-
cited CN [fore alkali h:.iide surfaces [11]; however
we did not identify the origin of the atomic com-

ponents of the desorbed excited CN. As dLs-
c_ssed above, it is conceivable that this desorbed

species may originate either from migration from
the bulk, or &ore surface dosing, or both. We are
aided in this study by the fac_ that bulk intrinsic

impurity CN- centers have been obse_ed from
measurements of CN- fluorescence under ion

[121 electron and photon [13] bombardment of
alkali-halides. From this information one can

speculate that a possible source of surface CN
adsorbates is the diffusion of these CN- impuri-
ties to the surface. However, when Nakagawa and
co-w_arkers [14] monitored CN- impuriv/growth
ia the near-sudace bulk of alkali-halide crs_tais

by. observing UV fluorescence while exposing the
surfaces to gaseous CO2 and .'Si_ under short-
wavelength synchrotron undulator light, they
showed that surface CN may also migrate /ato

the bulk. Although there may be some contribu-
tion {tom the bulk, our present work provides
direct evidence that the exposure of alkali-halide
surfaces to gaseous CO z and N2 provides the
primary source of adsorbates required for dec-
tron- and photon-stimulated desorction of ex-
cited CN molecules. More specif'a:ally, exposure

to gaseous molecules followed by dissociation and
recombination increases the surface concemra-
lion of CN which acts as a source of CN" deso_-

lion.
Formation of adsorbates by the dissociation of

large molecules or by the recombination of two
individually bound atoms or molecules has been
investigated in thermal desorption, and reviewed
by Zacharias {161. Modl and co-worker [15} found
that NO observed ia thermal desorption arises

from the decomposition of NO a on a Ge(111)
surface. On the another hand, H 2 formation was
found to be due to the recombination of atomic

hydrogen on a Cu(110) surface [17], and the source
of CO in thermal desorpdon to be the recombi-

nation of carbon and oxygen bound to a Pd(100)
surface [18]. The present work suggests that the
formation of adsorbates which l_articipate in the
ESD and PSD of excited C'N {tom alkah-halide

crysta!s and alkali metals proceeds by a reactive
mechanism involving both dissociation ar.d _e-

combination processes.
Incident electrom or photons may also stimu-

late surface processes (adsorption, dissociation,
recombination, and desorption) by creating bulk
and surface defects, changing surface stoichome-

try, modifying the surface structure, and breaking
bonds on the surface, l_¢ctron-stimulated ad-

sorption (ESA) [19], an enhancement of adsorp-
uon initiated by electron irradiation, can be an

important step in surface reactions. F_.SAand its
relation to surface reactions have been reviewed

by Pantano and"Made,/[20]. Photon-induced rup-
ture of bonds on surfaces appears to play an
important role in photon-stimulated processes in-
volv/ng adsorbates on surIaces. Unfortunately.,
very little is as yet known, either ¢ai_rimentally
[21] or theoretically [221, about photodissoc/ation
or. solid surfaces. It is tl_refom of great interest

to investigate other radiation-altered surface pto-
cusses as well as stimulated desorption.

We report below new measurements which for
the first time link electron- and pboton-sth'nu-
lated desorction (I_D and PSD) of excited CN
molecules from alkali-halide and alkali-mchal sur-
faces to the exposure of these surfaces to gaseous

CO, and N 2. Tho results show that the desorp-
,,ion _eld grows as a function of the exposure of
these surfaces to the gaseous molecules, and that

the growth is strongly enhanced by pre-irradia-
lion of the alkali-halide surface. The data indi-
cate that incident electron and UV photon radia-
tion serve two important functions: (1) incident
radiation metallizes the alkali-hal/de surfaces
which significantly enhance the surface CN for-
mation process upon subsequent gas exposure,
and (2) incident radiation leads to direct scission
of the surface-CN bond. These measurements

give information on the dynamics of making and
breaking of bonds on surfaces and provide insight
imo related technological applications such as

surface catalysis, erosion, surface damage, and

:ithography.



Z. Experimental details

The experimental setup, shown in fig. I, con-
szsts of an ultrahigh vacuum (UHV) system, which
operatesata basepressureabout3 x I0-:oTort.
"l'_,eincidentradiationwas eitherelectronsor

sy_,chrotron radiation. The samples were alkali-
halide c_.stals and alkali metals which could bc
heated or cooled.

Used was a low-energy,high-b_ghtnesselec-

trongun consisting of a diode extrac;ionsource
and a three-elementrefocusinglens,similarto

thedesignof Stoffeland Johnson [23].A heated

osmium-coated dispensercathode emittedelec-

tronswithan energyspreadof0.1te0.2eV. The

electronbeam energy,was adjustableinthe range

of I0 to I000 eV, with electroncuncnt ranging

from 20 to 400 _.A.The beam diametervaried
from 1.5 to 5 nun.

The photon measurements were carried out at
the University of Wisconsin Synchrotron Radia-
tion Center (SRO using the Vanderbilt/$RC
joint beamline. The Imamline features a com-

puter controlled 6-meter toroidal grating mono-
chtomator delivering dispersed light in the range
from 9 to 190 eV. A differential pumping station
is located between the bean:line and the experi-
mental chamber resulting in a 5 orders of magni-

tude difference of pressures between the beam

line and the working chamber. At the plane of
the sample, the beam spot wa_ 2.7 mm high by 7.4
mm wide. A 93% transparent nickel mesh was
mounted in the bearnlineand used to measure

thebeam flux.

The alkali-halidecrystalswere purchasedfrom

Harshaw. The crystalswere cleaved in ai:,

mounted with their (I00) surfaces facing the beam
and heated under UHV conditions for cleaning.
Alkali-metal surfaces were obtained by evapora-

tion from SAES alkali dosets onto a glass slide.
To obtainthickmetal layers,we continuedthe

dosing until there was no optical transmission.
These evaporated surfaces are refereed to here-

after as alkali-metal surfaces. The sa.-nple tem-
perature could be varied from 58 to 800 K. An
XYZ-adjustable closed-cycle helium cooler was

used for low-teml_rature experiments. A piece of
sapphire was mounted betweex. he sample holder

and the cold finger, since sapphire has a high
heat conductivity at low tenq_cratures (70 K), and
is the,rurally insulating at high temperatures
(> 300 K). A chromel-alumel themm¢ouple,

placed in thermal contact with the _mp{e sur-
face. measured temperatures greate_ihan room

temperature, and a chromel-gold thermocouple.
was used for mmpcratu--- lower than room tem-
perature. Dosing gases were admitted m the

chamber through two Vatian !e=kva.k,es _!Iowing

F_g. I. Ex_rgnen_al ccnfigura(ion u_ed f0t |hc CN deiorp{i_ experiment;.

dl_eess tot- For
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thepartialpressures of two gases to be controlled
in the range of 1.0 x I0 ° m to 1.0 x 10-6 Tort.

Optical emissions from the samples due to
electron or photon bombardment were imaged
on'o the entrance slit of a McPhere_n 0.3-m
monochromater. A 1200 fines/m_ grating (5000

,_ blaze) was used for fluorescence measurements
from _ to 8000 _ and a 2400 lines/wan

grating (3000 .A,blaze) was used to measure the
rotational distr_ution of the desorbed CN*
molecule.Photons were detected by a cooled

photomultiplier tube (PMT), operated in a
pulse-counting mode. Stepping motor grating
controls and photon counting sealers were inter-
faced through a CAMAC unit to an Apple Mac-
intosh computer. A quadrupole gas analyzer

(QMA) was used to detect residual gas, dosing

gas, and outgasing due to dcsorption.

3. Results

3. I. Optical emission due to electron and photon
bombardment

Bombardment of alkali-halide s.rfaces with
electron or synchrotron radiation produces opti-

cal emissions arising from defect recombination
in the bulk, from excited bulk-impuriW molecules,
and fzom desorbed excited molecules and atoms.
These three featuresare shown prominentlyin

fig.2 which isa 2000-8000,/kspectrumfrom KCI

KCI :

t

e$00 8"2¢

,7. :1 i '

hi' I BUlJt_

200C 35OO S00O

WAVEUENGTH IA|

F_I. 2; Typical optical emission spectrLzm in the ,ante 2000-
8000 A dot tO z¢[o-ot_r sy_chrolrort light boml:arOment pc

a single ut_tal KCI sudace at room temperature. The surface
was ,:lOosed tO £asecu$ CO, + N2 (! :I) st 1,0x 10" + Torr.

under synchrotron light bombardment at room

temperature.
The continuous fluorescence in the range of

3500 to 5500 A is luminescence accompanying

defect recombination [24]. The nine bands be-
zween 2000 and 35130 _ (observed here also in
second order) is due to optical emission from

excited CN- impurities in the near-sudace bulk
[25]. By noting the energy of the emitted photons,
we have determined that the o_erved CN- ex-
cited state is at least 5.6 eV above the ground
state. If the CN- molecules were in the gas

phase, this energy would be large enough to
reach the gas-phase ionization limit of 3.8 uV

[26].Thus the gas-phase CN- excited state would
result in neutralization (CN + e) rather than de-

excitation by optical emission as observed. How-
ever in alkali-halide lattices, the ionization poten-
tial of CN- is raised to about 10 eV [27]. For this

case, the neutralization cb.annel is not available=.

Instead opt_l de-excitation Orovides a readily
available relaxation ¢lumn¢i for excited CN = im-

purities in bulk alkali halides in agreement with

experimental results.
The narrow band feature at approximately 3870

/_ arises from excited CN desorbed &ore the KCI

surface. This featurewas identified in re/. till as
the CN B2y-°--* X2_ * transition. This character-
istic emission attfibu_d to the decay of a free
excited CN* molecule above the surface has been
also observed for LiF, NaF, NaCI, KBr, and Csl

crystals, and for lithium-, sodium-, potassium-.
and cesium-metal surfaces, under electron bom-

bardment.
Optical radiation arising from above the sur-

face can be distinguished from bulk radiation by
measurements of the spatial location of the emis-

sion, as shown in fig. 3. This figure is a plot of the
intensities of optical emissions from CN ", fxom
CN-* radiating in the bulk, and from other bulk
excitations venus the position of the image of the

300-_m roectrometer slitsas the Samlfle is trans-
lated along the beam direction. The emission

arising from the CN- impurity and the bulk
fluorescenceappears along the whole crystal,with

an enhancement on the fxont and rear faces ot

the sample. The distance between the two peak_
matches thethicknessof our sample,2.2ram.Ic
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Fig. 3. Position dependencec( optical ¢missionarising from
L'3q=, bulk iml)udty clinics"C_q-" and bulk fluorescencedue
to zero-order synchrotronlill_ Ixxnbardmem on a sinld¢
¢rysta_KCI surface =_ man eemperatme. The surface was
exposedto pscous CO=+N 2 (1:1) m 1.OxlO -v Torr. The
.=..axisis the manJlXdaterrea,d_l; fepteseming the c_stanc¢
be:weenthe optics focusregion and the front st=daceof the

sample.

contrast, th;. optical emission from neutral ex-

cited CN can be seen only in front of the surface.
This confirms that the CN'(B) radiation arises

from iust above the surface.

3.2. Enhancement of CN" ESD yield due to CO:

and .h_ exposure

Fig. 4a shows the time-dependent Browth of

excited C.N dcsorption yield under 110 _A, 200
eV electron bombardment on KBr(100) surfaces

as the surface was exposed to gaseous N= at two
dosing pressures, 2.0 × 10 -s and 5.'/x 10 -_ Tort.

The plot is the CN" emiss/on yield versus the

exposure time at a constant N= pressure. The
surface was irradiated by a beam of 200 eV

eiec¢rons for four hours prior to gas dosing. Note

that the CN" desorption yield grows with the

exposure time and that the growth tends to sam-

rate at a level characteristic of the pressure. The

growth of the electron-induced C"N" desorption

yield under gaseous N z exposure has also been
investigated for KCI and LiF surfaces, as shown

in figs. 41) and 4c. The dcsorptioa yields for all
surfaces show a similar monotonic increase with

N 2 gas exposure but differ with regard to the
time to reach saturation. The rise times, defined

as the time to reach 90% of the saturation yield,

are 20 mia for KCI, 19 rain for lEEr and about
rain for LiF. Note that the time constants for KBr

and KCI surfaces are essentially the same, but

markedly different from that for the LiF surface.

This correlation suggests that the parent bond
from which dcsorbed _N * arises is the the bond

between surface metal and CI< where for these

measurements, the metal is either lithium or

potassium.

In another experiment, a KC1 surface, bom-

barded by 300-¢V electrons at a constant cur=ent

t4
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Fig. 4. Growth cu_r.s of CN" desor_ion y_cldsasa |uawa=on
of time dmmg gas e_o_re and _¢ctro_-A_am dminl_: (In)

_mple exposedto ir,a_.o_ Nz at 2.0x 10"_ Tort and
5.7x l0 "° Tortunder 110 _,A. 200 cV electron t_ombard-
raent. (b) KCl sample e,.qx)sedto gaseousN= atS.Ox I0 -_
Ton and(c)LiFsampleexposedto _ts¢ous 1';: at S.3x IC"°
Torrunder1400_A, 200 cV ¢lcc_on b_nnl_ardmenl.SUbSh'a;e

temIx'ratut¢ for (heseext)¢rimentswet 60 If,.
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condRions:(l)aclearKCI fur/ace.(IDtheusng KCI surface

exom,ed toN) (IO.xl0"a Tort)and (Ill)the KO surface
additionallyexposedIoCO a (3.2x10-e Togr).1"h¢fishier
solid line h • plot ©f total _e.._a_ as• _ion of lime. "I_e
mcidem electron beam energy _ 300 ¢V with a constant
current of 100_tA.Su_tgate tcmggralur¢ f¢¢ this e_periment

was60 K.

of 100 _A. was dosed sequentially first by. Nz and

then by CO z, as shown in fig. 5. This figure is a

plot of C?_" emission yield (dark line) and gas

pressure (weak line) as a function of time. Ini-

tially, there was no external gas introduced into
the chamber. Under these circumstances a small,

constant C?q* descrption yield was observed.

When the surface was exposed to gaseous N z at a

constant pressure of 1.2 x I0 -s Ton (beginning

at the time indicated by. the first arrow), the CN *

desorptioa yield increa-ced toward saturation.
Later, the surface was exposed to gaseous CO z at

a constant pressure, 3.2 × 10 -s Torr, concurrent

with N: exposure. As shown in the figure, the
CN" desorption yield increased dramatically. The
ratio of the saturation yields attributable to the

combined CO z and N 2 gas exposures is 8.9, which
is significantly larger than the rauo of partial

pressures of CO 2 and N z, which is 1.7. This
indicates that simultaneous dosing of CO: and

N 2 gases results in a significantly higher CN *
desorptmn yield than N 2 dosing alone. We ob-
serve similar effects for KBr and LiF substrates.

Thus we find that the CN" dcsorption yield

markedb" increases when alkali-hz]ide surfac¢._

are exposed to gaseous N 2 and CO: under elec-

tron or photon irradiation.In addition,we be-

lievethat the small yieldsmeasured under condi-

tionsof no external dosing are due to residual H:

and COt gases normally in the chamber even

under ulrr--.,',igh vacuum conditions.

3.3. Enhancement of CN * PSD yieM due :o CO_

and N_ exposure

Fig. 6 displays optical spectra arising from

zero-order synchrotron radiation incident on a

glass surface, with and without a thick layer of

potassium metal, and w/th and without CO: + N:

exposure. Initially the cle_n lglass sample was

bombarded by ph6tons in_si'._ for 20 rain; fig. 6a

shows the resulting optical emission. The contin-
uous fluorescence is _" to recombination of

defects created by pl_ ,, bombardment in the

glass [28]. Next, potassium was evaporated onto

B0o

G 4oc_

_ 0

Z

•_CN) [ , l
0_._ ,, - _ -...

I
31300 4000

la) !

(t_l I

• _-_ ' I i,

.__,,_...__(Cl !

(o)

!

5OOO 600_

WAVELENGTH (J_)

Fig.6.Opticalemissionspectradue m zero-otckrsynchro:ro-.
light bombmdment (a) on a ¢_aa piece of glass. (b) on a
pom._ium-coveredglass suds, (c) on • I:m(a_ium-¢.Ovcr¢¢
SUd_ with exposure of the surface tO Ir,l_._$ CO: _"N:
(1:]) at 1.0Xt0 -7 To¢'rfor 2 rain. and (d) ORa po_assiue,,-
co_Rd sudace following Iga$ exp_ure (CO., +N; (I:I) at

1.9x 10-t Tort)for 210rain at room temperature.



the surface. The result/rig optical emission spec-
trum is Shov,T_in fig. 6b, where the bulk fluores-
cen_ intensity is reduced due to the presence of

the potassium layer. Then the potassium-covered
surface was exposed for two rain to a one-to-one
mixture of CO: + N: at a pressure of 1.0 × I0 -_

Tort. The resulting spectrum, fig. 6c, shows a
feature at 3870 A which we attribute to the decay
of desorbed CN*. Finally, after 30 rain of the

CO2 _ N2 (1 : 1) exposure with simultaneous pho-
ton irradiation, the intensity of the characteristic

line is markedly enhanced as shown in fig. 6(d).
We can conclude from these measureraen,s that

.photon.stimulated CN" desorption /s greatly in-
creased with CO z + HZ exposure. On a clean
glass surface, CN* desorption was not observed
under photon bombardment and simultaneous

CO: + N: exposure. Similar enhancement ofCN *
desorption yields due to CO2 + N2 exposure were
obser-.'ed from KCI, and from sodium- and

lithium-covered glass surfaces.

3.4. The role o/ pre.irradiation in the enhancement
of C.V * desorption yield

E
o

" 1
¢ 2 4 S l 10 '2

T.m_(rain}
Fig. 7. Clq" deSOrlPlion yields from • gel _rface at 60 K
plottedu • functionol lime exhibit_n|the influem:eof gas
exix_,ufe.CO=,rNz (1:1) at l.Ox 1_-) Tow. for avarictyof

electfondbeam integrated doses.

Three additional cxpcr/menzs were performed
which show that the marked increase in the CN*

desorption yield is observed only after tbe alkali-
halide surface is pr_-irradiated _ith electrons or
pho_.ons.

The first experiment determined the depen-
dence of the CN ° desorption yield on the sam-

pies' radiation history. "The results are shown in
fig. 7, for the case of 300-eV electron bombard-
ment of KCI surface at 60 tC CN" deso,-rtion

yield measurements were m_de for a wide range
of pre-radiation doses (defined as the pre-radia-
tion time multiplied by the electron current in
units of uA h). The CN" desorption yields, plot-
ted as a function of the exposure time, reach
saturation values which arc strongly dependent

on the pre.radiation dose. The inset in fig. 7
shows that the saturation values plotted as a

function of pre-irradiation _ose tend toward satu-

ration. For a t3rpic,aZ current of 130 _A, nine
hours were require'to reach saturation, as shown
in fig. ";'.

The second experiment involved a measure..
ment of the difference in the CN" PSD yield for
a KCl surface with and without pre-irradiation.
Desorption was measured under zero-order syn-
chrotron light bombardment at 300 K and with

exposure to gaseous blz and COt. Fig. 8a shows
the time-dependent yield after 18 h of pre-irradi-
ation by zero-order synchrotron 5ght prior to the

gas exposure. Fig. 8b shows the yield obtained
with no pre-irradiation. Except for the radiation
history, both experiments were carried out under
the same conditions, yet the saturation rise time
for the pre-irradiated sample is smaller by a

factor of approximately three.

The third experiment involved a measurement
of the difference between the CH" desorption
yield for a spot pre.irradiated by 300-¢V elec-
trons and the yield for the rest of the sample,
which had no radiation history (fig. 9). A KCI
sampie was cleaved in air and annealed at 450°C
in UHV for four h before the s,rface was cooled

to 60 IC A single spot on the surface was pre-
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_ro-order sy_h.,_rcn light bombardment in tb¢ i_esence of

CO_ + N 2 (l ; l) at 1.0 x 10" 7 Ton'. (a) CN * desorl_ion yield

for a KCI _mp_e plotted as a fueclion o[ tim¢ for no Ixior

s_T,chro_ro_ !iaht dosing- For this measurement Its exposme

commenced l¢ the 9 minute mm.l_ (b) CN B d&4llptk'n _{d

for a KCI sampl= plotted as a func_oa of time which prior _o

;hts measurement had e_peri_r..d 24 h o_° sy_.h_0tron _ght

dosing. Gas exposure commenced at the '3 m_ l=ad_
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E..I.9. C_ ° deso_c_0n)_ldsp/otecdas• fucct_onof di_anc.c
for a pa_t_ direcw, d along a KCI Mmple sur_. TI_ path of

measurement on the surface intersects • spot pre-irradiated

by 300 eV elec_m_s at a current of 80 ;tA for [2 h. The rest

of ,'he sample had not previously been irradiated.

irradiated by :_0-eV electrons for 12 h; and the
surface was then exposed to _us CO2 and N:
at a combined pRso_e of 1.0 x I0 -? Torr. Thc
measurements of theposition-dependentdesorp-

tioo yields began after the dcsorption yields
reached saturation. The CH* desorption yield
exhibited a maximum at the center of the pre-
irradiated spot. Note that the yield greatly less-
ened as the electron beam moved to regions of

the surface of the sample which had little or no
previous electron-beam radiation history.

In addition, we have observed that pre-irradia-
tion of a sodium-metal suHace by am ekctron
beam does not enhance the CN" yield, whereas

the pre-irradiafion of a NaCi surface cicarly en-
hances the CH* desorption yield.A_I of these

experiments indicates that the pre-irradiation
produces alkali-metal-rich surfaceson alkali-

halide crystals.

4. Discussion and conclusion

4.1.Surfaceme:allizatio,_

Our data strongly suggest tha,surfacemetal-

lization is required for CH [ormation on alk,_li-
halide su_aces. As shown above in figs. 7, 8, and
9, the formation of CH on alkali-halide surfaces
requires pre-irradiation by either electrons or
photons. Incident electron or UV photon radia-
tion not onlyservesm st/mular_ thedesorptionof
excited _ but aJso;days a role in precondition-
ing the alkali-halide surfaces for subsequent CN
formation. It is extensively documented that elec-

tron [29-31] and photon [32] bombardment can
induce the accumulation of excess metal on a[-
kali-hali_ surfaces. Thus, we believe that there is
a crucial relationship between the process of ra-
diation-induced nmtallization of alkali-halide sur-
faces and the concentration of surface CN lead-

ing to CN" deso_tion.
Surface metallixation is understoodin thiswork

as a defect-mediated process. Incident photon or
electron bombardment depositsenergy in the near
surface bulk by bole creation [33]. This d¢oosited
energy may generate a Frenkel pair, which con-

sistsof a ha;ogenvacancywith an electron(F-
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center) and a (haiogen)_ molecular ion (H-
center), either in the near surface bulk or on the
surface [34]. Halogen atoms, originating at the
surface H.centers, may be emitted from the sur-

face [35]. The F.centers remaining on the surface
neutralize exce-,_ metal ions left following the

ha!ogen emission. Thus, electron or photon bom-
bardment on an alkali-halide surface produces
surface metallization.

4.Z £N formation on alkali-rich surfaces

Our data show that the electron- and photon-
stimulated CN * desorption yields grow with sur-

face exposure to CO: or/and N2 gas. The des-
orption yields are a function of the concentration
of the parent adsorbate (this function is compli-

cated since adsorption rites, cmdsorhates, de.
fects, and diffusion may all affect the deso_tion
yields). Thus, our experimental results imply that
the amount of CIq adsorbed on the surface grows

with COt and N2 exposure. In addition, we have
observed a small amount of CN * emission from
the surface under ultrahigh vacuum conditions.
In fact, CN" emission in the absence of external

dosing was observed to increase when residua!
gas pressure increased. Bee.algae of the observed
enhancement of CN" desorption yield due to

CO: and N: dosing, we believe that the CN"
deso_,ion from alkali-halide surfaces in the ab-
sence of external dosing [11] arises from residual

CO: and/or N2 gases.
Formation of molecular adsorbates can occur

either from dissociation of large molecules on

surfaces [16] or from the recombination of two
individually bound atoms [17,18]. The present

work suggests that the CN formation process on
alkaii-halides involves molecular dissociation on
the surfa_ followed by recombination. In the

dissociation process, CO z and N z molecules de-
compose on the prc-irradiated surfaces into their
constituent _toms. Next is the recombination of
these atoms into a new molecule which includes

CN as one of its contituent parts.

An important question is what is the identity
of the bond present on the pre-irradiated alkali-
halide surface prior to CN * deso_tion. Our da(a

provides evidence tL here is a definite correla-

tion between the presence of surface metal and
the characteristics of electronically desurbed

CN', which strongly suggests that the parent
bond of the desorbing Clq* is the ionic bonding
between surface alkali and CaN molecule. Three

important classesof measurements support this
conclusion.

The firstclassof measurements discussed

above,relatesthe rise-timeof electronicallydes-
orbed CN ° (whichisrelatedtosurfaceCN con-

centration)to the alkalicomponent of alkali

halide,as shown in fig.4. Clearly,the halide

component isnot important.
The second class of exlmrimentsdescribedin

re{. [36] shows that the rotational distr/butions of
desorbing CN" are sgstematically correlated to

alkali components of alkali.halide and alkali-
metal substrate_ Alkali metals and alkali-halides
with the same alkali component, give arise to the
same rotational distribution. The distribution is

found to be independent of the halide component
of the substrates.

The third class of experimental evidence is
that the excitation function of desorbing CN" by

photons exh_its resonance structure (16 and 20
eV) for both potassium metal and KCl surfaces.
independent of the chloride component of KCI

substrate [36].
In all these cases, there exists a strong system-

atic correlation between the alkali component
and the desorbing CN* which suggests that CN
is bonded to the surface alkali.

4..3.._echanism/'or thede.sorpfion of excited C.%;

AS shown above,the presenceof alkali-CNo:'.

the surface is essential to the desorption phce, om-
ena observed. Also, the data suggest that the

mechanism responsible for breaking the bond of
alkali-ON is desorption induced by electronic
transitions (DIET)[37]. Specifically. the parent
alkali-CN is excited electronically from its bound
state to an anti-bonding state.

An important question is the nature of the
anti-bonding gate participating in the observed
deso_tion of excited Clq in the B state. The B
state o/neutral Clq may be formed directly by the
4o. -. 5o" excitation of the CN molecule or by the
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\
40. iongafion of ground state CN-. Our present
resultscannot determine whether the .,urface C]q
is bonded to one or two or possibly more metal

atoms (e.g., K,). However, it is reasonable to
assume that the alkali-CN bond is primarily ionic,
and hence that the 4# ionization channel of

K_-CN - s_otem results ia a K_-CN(B) cationic
repulsive state. As discu._ed in ref. [36], we ob-
served a resonance peak at 16 eV in the photon
energy, dependent yield of desorbing CN* from a

potassium metal surface, which is close to the
calculated value (17 eV) of the 4# ionization

energy for a similar system, CN adsorbed on Ni
metal [39]. These considerations suggest that the

K_-CN- system is raised to an antibonding
(K,,CN)* state by the ionization of the CN" 4_
state, and the desorption of CN in the B state
results.

Another possible channel for surface CN loss
in addition to deso_tion is that CN-may diffuse
from the surface into the near surface bulk. In

order to test this hypothesis, we _-_sured the
characteristic CN- UV radiation aridn_ from the
near surface bull which was observed to increase

with exposure to gaseous CO z + N2 under syn-
chrotron UV photon bombardment. This obser-
vation is consistent with H=kagawa and co-
worker's earlier observation [14]. Colisequently, it

is clear that in important source of the C'N-
impurity in the near-surface bulk is surface expo-

sure to gaseous CO x + N,. This indicates that
surface CN, probably in the form K;-C_-, is an
important interm.ediate step in the formation of
CN- impurities in the near surface bulk just as it
is an important intermediate step in the deso_-
finn process.

In conclusion, the origin of ESD and PSD of
excited CN from alkali-metal and pro-irradiated
alkali-halide surfaces has been found to be inti-

mately related to exposure of the surfaces to CO:
and N: gases. For alkali.halide surfaces, electron-
and photon-induced metallizat/on of alkali-halide
surface is required for aikali-CN formation. The
data suggest a new desorption model which can
be describedas a three-stepprocess:(I) pro-
irradiation of algali-halides results in alkali-
metai-r/ch surfaces via a defect-mediated process,
(2) a surface reaction produces alkali-CN

molecules on the surface when the alkali-rich

surface is exposed to CO2 and Na prior to des-
orption, and (3) an electron or photon bombard-
ment breaks the (alkali)'-CN- bond and induces

electronic des_.._tion of excited CN molecules
from the surface.
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